Introduction
The increasing number of students enrolled in Biomedical Engineering courses requires rationalisation of teaching processes, including an application of e-learning, distance learning and automatic self-assessment tools. Rapid development of the e-learning tools in the last decade opens new horizons while solving these issues. Modern e-learning tools allow students to train individually without direct personal supervision. Interactive animations illustrate physiological processes as well as the operation of biomedical devices like a pacemaker. Presence activities such as laboratory exercises or specialised seminars are indispensable due to the nature of Biomedical Engineering. Blended learning combines e-learning with presence activities and provides a sustainable platform for effective mentoring of Biomedical Engineering students [1] . Currently distance learning is still mainly based on lecture video recordings and providing study documents without higher interaction or automatically generated feedback.
The new e-learning system THERAGNOSOS developed at the Institute of Biomedical Engineering in Dresden comprises well prepared theory, improved delayed feedback scenario in exercises and complementary features like learning path tracking, glossary and thematic indexes.
Methods
The e-learning framework has been developed using the authoring tool IDEA for interactive content creation based on HTML/JavaScript [2] . This Integrated Development Environment (IDE) allows building event-driven pages with interactive exercises and automated feedback. The content is structured in XML metadata files and can be exported into the SCORM-compliant format. This IDE is a trade-off between WYSIWYG editors with only a low range of functions and complex IDEs like Adobe/Macromedia or Click2Learn Toolbook [3] . THERAGNOSOS consists of two layers: first, a basic layer which includes essential information, interactive exercises, tests and animations, and second, an extended learning layer, which includes text and tables for further reading (Fig. 1) [4, 5] . In order to support individual user settings, saving learning path and evaluation of the software, we have developed our own user management system using PHP and MySQL (Fig. 2) [4, 5] . 
Results
Nine e-learning modules have been developed and evaluated (Physiology for Engineers, Biosensors, Pacemaker, Cardiac Catheterisation, Mechanical Ventilation, Medical Imaging I and II, Modeling and Simulation, and Quality Assurance). Selected topics are accompanied by laboratory exercises with an e-learning tutorial (Pacemaker, Optical Tomography, Mechanical Ventilation, Roentgen Imaging and Feedback Control Loops in Biological Systems). The direct mentoring time during laboratory exercises has been reduced by 20 -25 % after introducing the elearning tutorial with the self-assessment tool [5] . With a total of over 150 hours learning time, the average ratio between the developing time and the learning time has been 1:188. The modules can be run as a standalone web application or embedded in a conventional learning management system like OPAL [7] . The e-learning software has been evaluated by 104 students. Each of them learned on the average 6 hours with one module. The contents of course Medical Terminology from previous e-learning package have been implemented in the improved e-learning framework of THERAGNOSOS. Benefits of the new framework with the delayed extrinsic feedback in exercises could have been evaluated by comparison of exam results in two consequent student groups (see Tab. 1) [4] . The students who used the new system in the year 2012 achieved better exam scores than the students using the old version in the year 2011. There was no improvement of exam results in the control subject, Basics of Electrical Engineering. 
Discussion and Conclusion
Benefits of e-learning and blended learning vary depending on the target group. Flexibility is appreciated by all university students. Students appreciate the opportunity to study with recognised professors from a distance, when they want and where they want. Training with technical devices requires presence activities. These can be implemented more efficiently if they are accompanied by an elearning tutorial. Further development of the e-learning system is required, especially the self-assessment components for grouping students and choosing an appropriate level of difficulty. It allows effective selection of student collaborators who are particularly suitable for research projects. Broader adoption of e-learning and blended learning in all stages of the education process provides a basic premise for success in excellence universities [8] .
